The potential of papaya leaf powder and paddy straw powder for copper(II) removal was evaluated from aqueous solution via column and batch adsorption studies. Batch adsorption studies were performed to determine the contact time effects, biosorbent dosage, pH and initial concentration of metal ion on adsorption capacity. Results showed approximately 90% to 95% of copper removal using both the adsorbents from the solution. As the amount of biosorbent increases, the biosorption capacity also increases. Findings indicate that pH is an important factor for metal ion biosorption and 7.0 is the optimum pH for copper removal. For explaining the mechanism of copper distribution into the solid and liquid phases in batch studies, Freundlich isotherm and Langmuir adsorption isotherm model are used and findings illustrate that adsorption phenomenon is better represented by Freundlich isotherm. Maximum adsorption capacity of copper was calculated as 24.63 mg/g and 37.17 mg/g for papaya powder and for paddy straw powder, respectively, by using Langmuir model. The adsorption phenomenon complies with the pseudo-second-order rate equation. Using packed bed column, the biosorbents' ability of copper(II) ions removal from aqueous solution was also examined and an S shape profile was obtained for the breakthrough curve. For practical applications, both the adsorbents can be effectively used for wastewater treatment owing to their high capacity of adsorption of heavy metals at very low cost.
Introduction
Fresh water resources are limited, and their pollution is always a major concern. Thus, purification and recycling of wastewater are much needed because of reduced availability and deterioration of the quality of water.
Best water management systems can be achieved by applying best scientific practices for industrial waste control and prevention of different water bodies from pollution. The presence of heavy metals is a threat to the environment because of their toxicity and bioaccumulating tendency. 1 Wastewater generated by industries, like metal finishing industries, electroplating industries, battery manufacturing, tanneries and chemical manufacturing industries, provides pathway for the entry of heavy metals into the environment. 2 The major sources of contamination of copper in wastewater are electroplating, paints and dyes, petroleum refining, fertilizers, mining and metallurgy, explosives, pesticides and iron and steel industries. 3 Heavy metals like copper are dangerous to human health, as it causes damage to kidney and liver, gastrointestinal disturbance, haemolysis, diarrhoea and upper respiratory tract problems. 4 The disadvantages of conventional methods used for metal ions removal from effluents like chemical precipitation, ion exchange, membrane filtration and reverse osmosis are explained in Figure 1 . Adsorption is a highly effective physicochemical process for removing heavy metals from wastewater, especially at low initial metal concentrations. Various biosubstances being capable of binding heavy metals by sorption, chelation and ion exchange processes have been used for the removal of heavy metal ions from industrial and municipal wastewater because of the low cost and high availability of these materials, without needing arduous regeneration process for reuse. 5 Recently, a number of biosorbents have been tested for heavy metals removal from polluted water or aqueous solutions. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] The various biosorbents which have been tried as biosorbents for heavy metal removal are shown in Table 1 .
The advantages of biosorption for industrial process are: (a) low cost of biosorbents, (b) great efficiency for metal removal at low concentration, (c) potential for biosorbent regeneration and metal valourization, (d) high velocity of sorption and desorption, (e) limited generation of secondary residues and (f) more environmental friendly life cycle of the material. 16 Both papaya leaf powder and rice straw are abundant in lignocellulosic material. Papaya leaf contains polar functional groups of lignin, which include alcohols, aldehydes, ketones, carboxylic, phenolic and ether groups which donate an electron pair to bind heavy metal and form complexes with the metal ions in solution. 13 Rice has high oxygen that is fixed in hydroxyl group of polysaccharides. There are two lone pairs of electrons in oxygen that may donate to the metal ions and form complex with metal ions present in solution. 17 The major objective of these experiments is to examine the capability of papaya leaf powder and paddy straw powder for Cu(II) adsorption from wastewaters. Contact time effect, dosage, initial concentration and pH of the solution on removal capacity were analysed, and the equilibrium data was tested using Freundlich adsorption and Langmuir isotherm models. For evaluating kinetics, both pseudo-first-order and pseudosecond-order equations were used. The biosorbents used in the study were not given any type of treatment.
The disposal of adsorbent after adsorption is a great concern, but it can be disposed off by either incineration or landfilling since the volume of metal laden biosorbent is less than the volume of wastewater. 18 The adsorbents discussed here are very cheap and hence regeneration need not be done. Another option for the disposal of biosorbents is to use it as a manure for non-consumable plants especially in parks. Also, it can be safely disposed in hard rocks and clay-rich soils, since they are impervious in nature. Working solutions for batch and column studies were prepared by diluting stock solution of known concentrations.
Materials and methods

Copper stock solution
Papaya leaf powder
Leaves from papaya plants were collected, washed several times, dried in sunlight and then heated in an oven at 80 C for 4-5 h. After that, the leaves are powdered and sieved to different sieve sizes and kept for further use.
Paddy straw powder
Straws of paddy were collected from agricultural field, chopped into small pieces and then cleaned and washed thoroughly in water and dried for many days in sunlight. Dried pieces of paddy straw were powdered after keeping in oven at 80 C for 4-5 h. The powder was sieved using fine sieves for getting the fine size mesh particles prior to use.
Adsorption using batch studies
Experiments were performed using batch experiments using adsorbents at normal temperature in magnetic stirrer. Initial concentration, time of contact, quantity of adsorbent and pH were different. Metal ions final concentration was measured in atomic absorption spectrophotometer.
Adsorption using column studies
A transparent plastic column with 5.5 cm diameter and 35 cm length was used. Column was filled with known quantity of adsorbent, and adsorbent length in column was noted. A known concentration solution was prepared for working and kept in a tank from where it was allowed to pass into the column. Flow rate was adjusted to be around 60 ml/min at constant head. Inflow and outflow were adjusted to get constant head. The effluent was collected after different intervals of time and copper concentration was analysed using atomic absorption spectrophotometer. Arrangement of column is presented in Figure 2 .
Results and discussions
Contact time effects
Out of all the parameters which affect the adsorption studies, the contact time which the adsorbent needs with the adsorbate particles is very important. For analysing the effect of contact time (15 min to 120 min), adsorbents with different amounts, from 1000 g/m 3 to 10,000 g/m 3 was mixed with heavy metal solution. In solution, the Cu concentration was almost the same after 60 min of contact for papaya leaf powder and 90 min for paddy straw powder. The residual concentration of Cu beyond that time showed hardly any further adsorption. Therefore, approximation of a steady state was assumed after 1 h for papaya leaf powder and 90 min for paddy straw powder. The sites for adsorption of the adsorbent are vacant during the starting phase of sorption and hence sites available for adsorption are high. After viewing these kinetic data, two phases were observed. Rapid adsorption phase is the first one, which is followed by second phase in which equilibrium occurred after continuous adsorption and remaining constant thereafter. In adsorption stage, first around 90% of Cu was removed in all cases. 
Effect of dosage of adsorbent
Copper solutions of known concentrations were treated with different dosages of adsorbent to analyse the adsorbent dose effect for Cu adsorption from the aqueous solution. Figure 5 shows the adsorbent dosage effect for equilibrium concentrations for both adsorbents. The adsorption percentage increased from 84.2% to 92.1% for papaya leaf and 75.1% to 95.2% for paddy straw powder by the escalation of adsorbent dose from 1000 g/m 3 to 10,000 g/m 3 , whereas the Cu uptake was reduced from 8.42 mg/g to 0.92 mg/g for papaya leaf powder and from 7.51 mg/g to 0.952 mg/g for paddy straw powder for the same adsorbent dosage for an initial concentration of 10 g/m 3 . The percentage removal decreased with an increase in initial concentration for the same adsorbent dosage. With an increase in adsorbent amount, the percentage of adsorption was increased due to escalation in surface area which gave rise to more vacant binding sites for adsorption. As the dosage of adsorbent increases, adsorbent particles would become overcrowded and the adsorption sites would become overlapped and hence a reduction in uptake was observed. The dosage of adsorbent could therefore affect the removal percentage of Cu. Copper uptake for initial concentrations of 20 g/m 3 using both adsorbents is shown in Figure 6 .
Initial concentration effects
The initial metal ion concentration in aqueous solutions could affect the removal of heavy metals. The percentage removal of copper from aqueous solutions would reduce as the total concentration was escalated from 10 g/m 3 to 50 g/m 3 at constant pH (Figure 7 ). At lower metal concentration, the ratio of number of moles of metal in aqueous solution to the surface area would be low, and therefore initial concentration would not affect the adsorption process. The adsorption sites available would become less at higher initial concentrations and thus the initial concentration could affect the metal removal. 19 Higher energy sites would become saturated as the initial concentration is increased and hence adsorption would happen on lower energy sites, leading to a reduction in the adsorption efficiency. 20 
pH effect
Solution acidity controls the removal of metal from aqueous solution, and hence the pH of solution plays an important role in the uptake of heavy metal. Experiments were conducted at various pH ranges from 2 to 9, and findings revealed that there was a change in the quantity of copper ions adsorbed in the solid phase of biosorbent powder. There is a strong force of attraction between the biosorbent powder and copper ions and hence H+ ion could be an important factor deciding the capacity of biosorption. Biosorption of metal escalates with pH because of the reduction in electrostatic repulsion due to the reduction in the positive charge density on the sorption edges. 21 The effluent concentration was found to be least at pH 7 as presented in Figure 8 . The pH effect on removal percentage of copper for both the adsorbents is shown in Figure 9 .
Rate constant study
The effluent concentration variation of Cu with duration of reaching equilibrium is a two-step adsorption process consisting of a fast adsorption process, and the next step where equilibrium is obtained which is a slow process.
Lagergren, pseudo-first-order equation was employed for studying the adsorption kinetics. Lagergren pseudo-first-order equation is defined as equation (1) where both qe and qt are the metal amount adsorbed at time of equilibrium and K 1 is the specific rate constant. For pseudo-first-order kinetics, a graph was obtained by plotting log(qeÀq) against t but the model was not fitting well for the biosorption of both the adsorbents. The correlation coefficient values for pseudo-first-order model are less than that of pseudosecond-order model. 6, [21] [22] [23] [24] The pseudo-second-order model fitted the data well. The pseudo-second-order model is based on the assumption that the rate by which the adsorbent occupies the vacant sites on the adsorbent is proportional to the square of the number of unoccupied sites. The graph t/qt vs. 't' shows a linear relationship with a slope of 1/qe and an intercept of 1/kqe 2 and is shown in Figure 10 for an initial concentration of 20 g/m 3 and an adsorbent dosage of 2000 g/m 3 , which illustrate that the process of adsorption follows Table 2 ). The intra-particle diffusion model was tested to find the possibility of the presence of intra-particle diffusion process in the adsorption of copper ions onto the surface of the biosorbent. The equation for intra-particle diffusion is given by equation (2) 
where q t is the amount of adsorbent adsorbed in time t, c is the intercept and k p is the intra-particle diffusion rate constant. The value of q t is found to have a straight line relationship with values of t 0.5 for both the biosorbents (Figure 11 ). The value of c is an indication of the thickness of the boundary layer. None of the plots passed through the origin.
Column studies
Breakthrough curve which shows the effluent concentration effect on an adsorbent fixed bed is depicted in Figure 12 . The curve is 'S' shaped which is a characteristic of small molecular-sized adsorbents.
Adsorption isotherm
The adsorption isotherm is the basic requirement for the design of an adsorption system whether batch or fixed bed. 25 Freundlich and the Langmuir isotherms were analysed for measuring the adsorption. The theoretical Langmuir isotherm is used to explain adsorption of a solute from a liquid solution as given by equation (3) Ce qe
Here, qe is the equilibrium adsorption capacity (mg/g), Ce is the equilibrium liquid phase concentration (g/m 3 ), Qo and b are Langmuir constants related to capacity of adsorption and adsorption rate, respectively, and are measured from the slope and intercept of the Langmuir plot Ce vs. Ce/qe ( Figure 13 ).
For the Freundlich isotherm, constants were calculated using equation (4) ln qe ¼ ln Kf þ 1=n ln Ce ð4Þ
The Freundlich isotherm coefficients were determined by plotting Log qe vs. Log C e (Figure 14) . The correlation regression coefficient R 2 from the graphs (0.9994) illustrates that the adsorption of copper ions was favourite. The constant Kf is an approximate indicator of capacity of adsorption, whereas 1/n is a function of adsorption strength in the process of adsorption. Table 3 gives the values of Langmuir and Freundlich isotherm constants and indicate a favourable adsorption process.
Conclusion
Experimental analysis has revealed that about 90% to 95% of copper(II) removal is possible from water polluted with heavy metals by using both paddy straw and , contact time ¼ 1 h) for both adsorbents. 
